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Join effect of risk factors hhu e
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Risk factors accumulate spatially and influence each other
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Inequality
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PHD locations, units, and residents are
significantly overrepresented in
neighborhoods with greater PM2.5
exposure.

Significantly higher percentages of
Black, Hispanic, disabled, and
extremely low-income households
reside in PHDs with greater PM2.5
exposure.
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Inequality hhu iz,

Areas with higher exposure to pollutants are often socio-economically
deprived, putting a double burden on the people living where and creates a
systematic inequality in the society
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Smog crisis in the Ruhr area, 3.-7.12.1962 hhu &
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Figure 2. Number of deaths (sliding average
over seven days) during the smog episode in the
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Why is it important?

Universitdt

Diisseldorf |

AIR POLLUTION HUMAN HEALTH IMPACTS

STOMACH

Studies have demonstrated a link between poor air quality and
g i i including infl y bowel disease
(IBD), irritable bowel sy (IBS), and itis, as the
nhalation of air pollution is associated with changes to the gut
microbiota, Long-term exposure to high concentrations of NO2
and PM has been linked to the early onset of Crohn'’s Disease.

LIVER

Animal studies find that long-term exposure to ambient air
pollution is associated with metabolic-associated fatty liver
disease, a disease that affects a quarter of the global population.
The disease can progress to liver cancer and liver-related death.

EYES

Because there is a high flow of blood in the eyes, they are
especially sensitive to small pollution particles like those found
in PM2.5. Conditions such as dry eye syndrome, retinopathy,
glaucoma, and cataracts have been connected to high air
pollution exposure.

BRAIN

Air pollution exposure has been linked to a variety of neurolog
ical and cognitive impacts, including memory impairment,
learning anxiety, 1, schizophrenia, ADHD,
and neurological conditions including dementia, Alzheimer's
disease, Parkinson's disease, and stroke. Studies have even
linked precise air pollution decreases to lowered dementia risk.

BONES

A 2020 study found that ambient air pollution exposure is
linked to lower bone mass. Other studies have found that air
pollution may act as a risk factor for osteoporosis and be linked
to higher rates of hospitalization for bone fractures, though
research i1s imited.

LUNGS

A slew of respiratory impacts are attributed to dirty air, from
pi y inflar ion to asthma develop! it to chronic
loss of pulmonary function. Because most air pollutants are
breathed in, the respiratory system is often the place where

air pollution-related disease is most readily observed.

HEART

Cardiovascular discase and death are closely linked to air
pollution, with outcomes of heart disease, heart failure,
cardiac arrest, and arrhythmias. Some studies have even
shown a stronger correlation between cardiovascular damage
and death after air pollution exposure than oberved with
respiratory diseases.

REPRODUCTION

Though the mechanisms behind it are not yet understood,
exposure to higher levels of air pollution has been associated
with lower levels of fertility and more difficulty in conceiving,
including in those undergeing in vitro fertilization, as well as in
a varicty of sperm quality parameters. Further rescarch is
needed to investigate how exactly air pollution acts on the
reproductive system.
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https://www.clarity.io/blog/deep-dive-health-impacts-of-air-pollution
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Why is it important? hhu s

Exposure to air pollutants (PM, c and NO,/NO,)
~ higher risk of dementia
~ worse cognitive performance

Ultrafine particles (UFP, <10nm) showed
neurotoxic effect (only animal studies)

Exposure to noise

~ cognitive impairment
~ higher risk of dementia
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Objectives hhu i
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Do long-term exposure to air pollution and ambient noise

harmful to a brain for elderly population?
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Study population hRu e
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Heinz Nixdorf Recall (Risk Factors, Evaluation of Coronary Calcium and
Lifestyle) study

* Longitudinal prospective population-based study

e Essen, Bochum und Mulheim a. d. Ruhr

* Baseline (T,, 2000-03):
4814 Participants, 45-75 years old

* First Follow-up (T,, 2005-08):
4157 Participants, 50-80 years old
* Second Follow-up (T,, 2010-15):
oy 3087 Participants, 55-86 years old chs
W eing =5 centre for

umweltmedizin m health & sodety



Study population hhu i

HNR-Multigeneration Study 1000BRAINS Study

(HNR-MGS)

partners and children of HNR participants recruited from the T, of HNR and HNR-MGS
* 2013-2016  2011-2016
e 1237 partners and 1660 adult children e 1000 Participants
e 18-90vyears old e 55-85years old

e assessing the variability of brain structure and
function in the course of normal aging

September
Heinz Nixdorf Recall
(10 year follow-up)
Heinz Nixdorf Recall
MultiGeneration
- ] . 1 i 1 | | | > chs
o s 'm0 2012 0 2013 1 2014 B centre for -
umweltmedizin m health & sodety

Source: Caspers S et al. 2014



Cognitive tests/ neuropsychological assessment KRy

&

* verbal fluency

(Verbal Fluency Test, semantic category “animals”, number of words within one minute)

* problem solving/speed of processing
(Labyrinth Test, time in seconds needed to complete the task)

* immediate and delayed verbal memory
(Verbal Memory Test, two parts, eight-word list, performance measured as number of words recalled in each trial)

* abstraction/visual-spatial organization
(Clock-Drawing Test, performance was rated from 1 (perfect clock) to 6 (poor performance))
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Air Pollution in the HNR Study hhu &
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Noise pollution in the HNR Study hhu s

Noise maps: https://www.umgebungslaerm-kartierung.nrw.de/
Modeled according to the European Union Directive (2002/49/EC) A-weighted decibels [dB(A)]
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Findings
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Cross-sectional association of chronic exposure to air pollution and traffic noise with cognitive performance

Data: T, HNR (2006-2008)
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Longitudinal association of chronic exposure to air pollution and traffic noise with cognitive performance

Data: T, and T, HNR Adjusted to age, gender, socio-economic status, environmental tobacco smoke, alcohol
consumption, smoking status, ETS, any regular physical activity , and BMI
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Cross-sectional association of chronic exposure exposure to air pollution and noise with atrophy in brain observed in
the physiologically aging brain

Data: 1000BRAINS
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Cross-sectional association of chronic exposure exposure to air pollution and noise with atrophy in brain observed in

the physiologically aging brain

Data: 1000BRAINS
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Both chronic air pollution and
noise exposure may influence
the physiological aging process
of the brain
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Cross-sectional association of chronic exposure exposure to air pollution and noise with global functional brain
organization

Functional brain organization is characterized by a balance
between densely connected regions within networks
together with few long-range connections between more
remote regions and networks

With age, a pattern of segregation (decrease in
connectivity strength) between anatomically close brain
regions and integration (increase in connectivity strength)
between functionally related brain regions emerges.
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Cross-sectional association of chronic exposure exposure to air pollution and noise with global functional brain

organization

Data: 1000BRAINS
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high air pollution and noise
levels might favor an age-like
change in functional brain
organization
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Cross-sectional association of chronic exposure exposure to air pollution and noise with structural measures of the

DMN (cortical thickness, IGl) Left DMN Richt DMN
g ig

Default Mode Network (DMN) is an important functional Lateral Lateral
pPDMN s / pDMN

network that plays a large role in mental functions, such as
self-referential thinking, and memory recall; it is activated
during the resting state.

Aging of this network is associated with changes in
functional connectivity, including a posterior to anterior
shift (PASA) where frontal brain regions take over
additional functions to compensate for decreased activity
In posterior regions.
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Source: Lucht S et al. 2022
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Cross-sectional association of chronic exposure exposure to air pollution and noise with structural measures of the
DMN (cortical thickness, IGl)

| Left Right

Data: 1000BRAINS
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Conclusion hhu s
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* The higher exposure to air pollution and noise is associated with changes in brain and in cognitive
function similar to ageing

chs
centre for
umweltmedizin m health & sodety

arbeitsmedizin .*



Conclusion hhu s
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The higher exposure to air pollution and noise is associated with changes in brain and in cognitive
function similar to ageing

* Areas with higher exposure to pollutants are often socio-economically deprived, putting a double
burden on the people living where and creates a systematic inequality in the society

* The urgent need to take into account exposure to air pollutants and noise in urban settings whenever
urban interventions are planned

* reducing emissions of air pollution and noise, for example by providing opportunities for active
transport, will positively influence health, quality of life and social equality in urban settings
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a) low traffic neighbourhood, London
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c) 15-minute city, Paris

Superblocks madel

b) Superblock, Barcelona

d) Car free Vauban, Freiburg, Germany

Source: Nieuwenhuijsen MJ 2021

Structural-building
Lifestyle-related "active
transport”(physical

movement)

Technical

Solutions are available - they
just need to be applied!
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